Purpose of review Effective treatment exists for tuberculosis (TB) and for HIV, but treating both diseases simultaneously presents several challenges. This review assesses the evidence for the timing of antiretroviral therapy (ART) initiation in patients coinfected with TB.
INTRODUCTION
Globally, an estimated 34.2 million people were living with HIV in 2011 [1] and 8.8 million new tuberculosis (TB) cases occurred in 2010 [2] . The two diseases are closely intertwined and the number of coinfected patients continues to grow rapidly [3] . Globally, an estimated 13% of TB patients are coinfected with HIV, while in sub-Saharan Africa, up to 82% of patients with TB are also coinfected with HIV.
Tuberculosis is the most common presenting opportunistic disease [4] and cause of mortality in AIDS patients in developing countries [5] , accounting for approximately 25% of all HIV-associated deaths each year [6] . In the presence of HIV, TB is associated with substantially higher case fatality rates [7] and is the commonest notified cause of death [8] . The mortality in TB-HIV coinfected patients is usually because of complications from overwhelming TB disease or impaired immunity from advancing AIDS [9, 10] . Effective treatment for TB and HIV exists, but treating both diseases simultaneously is challenging. Despite World Health Organization (WHO) guidelines supporting TB-HIV cotreatment [11] , antiretroviral therapy (ART) initiation is often deferred until TB treatment completion because of concerns of potential drug interactions between rifampicin and specific antiretroviral drugs [12] , clinical deterioration from immune reconstitution inflammatory syndrome (IRIS) [13, 14] , overlapping side-effects [15] , high pill burden compromising treatment adherence, and programmatic challenges [16] . However, delays in ART initiation may result in AIDS-related illness and death. The goal of managing TB-HIV coinfected patients is to strike an optimal balance between the risks and benefits of increased mortality associated with delaying ART initiation to later in the course of TB therapy, against the morbidity and mortality burden associated with early ART initiation ( Fig. 1) .
Before 2011, the only data available on guiding when to initiate ART during TB therapy was from observational reports [17] [18] [19] [20] This review examines the clinical trial evidence published over the last year of exactly when during TB therapy ART should be initiated. Specifically, the impact of initiating HIV treatment at various points during TB treatment is evaluated in relation to mortality, incidence of IRIS and IRIS-associated mortality, adherence to treatment, and drug interactions. Specific analyses among the subgroup of patients known to be most vulnerable to increased mortality from delayed ART and IRIS-related complications with earlier ART were also conducted. Studies published from 2011 onwards were searched using Pubmed, Scopus, and Google Scholar using the key words 'tuberculosis' and 'antiretroviral therapy' and 'treatment of TB-HIV coinfection' and 'complications from treatment of TB-HIV coinfection'. AIDS Conference proceedings were also searched. þ T-cell counts improved survival.
IMPACT OF TUBERCULOSIS-HIV INTEGRATION ON MORTALITY
The SAPiT trial, which compared ART initiation within 4 weeks of TB treatment initiation (early group) to later ART initiation within 4 weeks after the completion of the intensive phase of TB treatment (late group), among 642 HIV-infected South African patients with smear-positive pulmonary TB and CD4
þ T-cell counts less than 500 cells/ml, showed no difference in the incidence rate of AIDS or death in the early and late integrated treatment groups (6.9 vs. 7.8 cases per 100 person-years; incidence rate ratio 0.89; 95% CI 0.44-1.79; P ¼ 0.73). However, among patients with CD4
þ T-cell counts less than 50 cell/ml, the incidence rate of AIDS or death was 8.5 and 26.3 cases per 100 person-years (incidence-rate ratio 0.32; 95% CI 0.07-1. Evidence reported also shows no difference in AIDS or death in patients initiating ART within 2 months or after 2 months of starting TB treatment.
Although early ART initiation in TB therapy was associated with an increased risk and severity of IRIS, overall IRIS-associated mortality was low.
These findings have informed guidelines and policy on optimal timing of ART in TB-HIV coinfected patients; however, operational implementation of TB-HIV integration remains a challenge. þ T-cell counts of 50 cells/ml or higher (P ¼ 0.67).
IRIS
Another trial in Ethiopia among 512 patients, presented at the 2012 Conference on Retroviruses and Opportunistic Infections, compared the efficacy and safety of ART when initiated 1 week, 4 weeks, and 8 weeks after anti-TB therapy initiation [24] . Results from this trial showed that although mortality was always higher in those with CD4 T-cell counts of 50 cells/ml or less, a better survival trend was observed among patients with CD4 þ counts of 50 cells/ml or less who initiated ART as early as 1 week. The overall incidence rate of mortality among patients in this study was 36.4 per 100 person-years, 26 per 100 person-years, and 20.8 per 100 person-years, among patients randomized to ART initiation at week 1, week 4, and week 8, respectively (P ¼ 0.4). The relative risk of mortality among patients with baseline CD4 þ T cells 50 cells/ml or less vs. CD4 þ T cells greater than 50 cells/ml was 1.5 in week 1 (95% CI 0.6-3.9), 2.0 in week 4 (95% CI 0.7-5.2), and 2.9 in week 8 (95% CI 0.8-9.9).
In contrast, the Cambodian Early versus Late Introduction of Antiretrovirals (CAMELIA) study [23 && ] did show a significant reduction in mortality among 332 patients who initiated ART within 2 weeks after TB treatment initiation compared with 329 patients who initiated ART within 8 weeks after TB treatment initiation (18 vs. 27%; hazard ratio 0.62; 95% CI 0.44-0.86; P ¼ 0.006). There was a more advanced degree of immunosuppression in this study cohort; patients had a median baseline CD4 þ T-cell count of 25 cells/ml (Table 1) , which may account for this discrepancy.
A model developed to predict 2-year survival rates under different ART-initiation strategies, that is, 15, 30, 60, or 180 days after TB treatment initiation or if ART was never initiated, in TB patients from Rwanda has also shown that early ART initiation reduced mortality among individuals with low CD4 þ T-cell counts and improved retention in care [26] .
Taken together, the data provide clarification on optimal timing of ART initiation in patients with HIV-associated pulmonary TB. Specifically, these studies indicate that TB-HIV coinfected patients with advanced immunosuppression (CD4 þ T-cell count <50 cells/ml) benefit from initiating ART earlier (within 2-4 weeks) after TB treatment initiation. In patients with higher CD4 þ T-cell counts, however, the incidence of AIDS and death was similar irrespective of whether ART was initiated early or later during TB treatment. Consideration of other clinical factors may therefore be necessary when determining the optimal timing of ART initiation in TB-HIV coinfected patients with higher CD4 þ T-cell counts.
IMPACT OF INTEGRATED TUBERCULOSIS-HIV TREATMENT AMONG PATIENTS WITH EXTRAPULMONARY TUBERCULOSIS
Most clinical trials completed to date have predominantly focused on patients infected with drug-susceptible pulmonary TB. It is not known whether similar survival benefits observed among patients infected with pulmonary TB will also apply to patients infected with either drug-resistant or extrapulmonary TB. Indeed, severe forms of tuberculosis like disseminated or extrapulmonary TB have been associated with much higher rates of mortality and fatal complications after ART initiation, suggesting that the optimal time to initiate ART in these patients may differ. A double-blinded, placebo-controlled trial, the OXTREC 023-04 trial, conducted in Vietnam among 253 HIV-infected patients with mean baseline CD4
þ T-cell counts of 41 cells/ml diagnosed with TB meningitis showed no survival benefit for patients randomized to immediate (within 7 days) compared to deferred (within 2 months) ART initiation after TB treatment start (hazard ratio 1.12; 95% CI 0.81-1.55; P ¼ 5.50). There was high overall mortality and no difference in time to new AIDS event or death between the two groups (hazard ratio 1.16; 95% CI 0.87-1.55; P ¼ 5.31), suggesting the need to delay ART initiation in patients with severe forms of TB [27 && ]. While the high overall mortality precludes a definitive conclusion, early initiation of ART in patients with TB meningitis did not appear to lead to poorer outcomes.
THE SPECTRUM OF IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME RELATIVE TO TIMING OF ANTIRETROVIRAL THERAPY IN TUBERCULOSIS-HIV COINFECTED PATIENTS
Data from retrospective and observational studies indicate that TB-associated IRIS occurs in approximately 11-71.4% of TB-HIV coinfected patients The risk of TB-associated IRIS in all three studies was higher among patients randomized to receive ART earlier during TB treatment. The CAMELIA trial reported 110 vs. 45 IRIS events in the early and late ART groups (hazard ratio 2.51; 95% CI 1.78-3.59; P < 0.001), while ACTG 5221 found two-fold higher IRIS rates in the immediate compared to late ART groups (11 vs. 5%; P ¼ 0.002), respectively. IRIS incidence rates in the SAPiT trial were 20.1 and 7.7 cases per 100 person-years in the early vs. late groups (incidence-rate ratio (IRR) 2.62; 95% CI 1.48-4.82; P < 0.001). A detailed analysis of IRIS incidence by CD4 þ T-cell count in the SAPiT trial show that patients with CD4
þ T-cell counts less than 50 cells/ml had 4.7 times higher IRIS incidence rates in the earlier compared to later ART group (P ¼ 0.01) [29 & ]. Moreover, patients with baseline CD4 þ T-cell counts of 50 cells/ml or higher randomized to earlier ART experienced two-fold higher IRIS rates than those randomized to later ART. TB-IRIS events occurred in 44% of patients with CD4 less than 50 cells/ml receiving immediate ART in the ACTG 5221 study, while 155 (26%) of patients experienced IRIS events in the CAMELIA trial.
The overall IRIS incidence rates in all trials described above were not as high as previous reports. As patients with advanced immunosuppression are at higher risk of developing IRIS, the trade-off between improved survival and increased IRIS risk needs to be considered when initiating ART earlier during TB treatment.
IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME-ASSOCIATED MORTALITY
IRIS-associated mortality varied between studies, but was low overall, despite heterogeneity in baseline characteristics and setting. All IRIS-associated deaths reported by CAMELIA (6) and SAPiT (2) occurred among patients randomized to earlier ART initiation [23
Although the ACTG 5221 study, which was conducted across 26 sites in four continents, reported no IRIS-associated deaths, extremely high mortality rates likely because of fatal intracranial IRIS were reported in both the study groups in the OXTREC 023-04 trial [27 && ]. Overall, the low rates of IRIS-associated mortality and IRIS-related hospitalizations observed in these studies indicate that scale-up of TB-HIV integration a Data for all CD4 T-cell count strata greater than 50 cells/ml were combined, but no IRR could be calculated as no person time of follow-up was provided.
can be done without fear of overburdening the secondary and tertiary level resources for IRIS management or of worsening the morbidity and mortality burden experienced by TB-HIV coinfected patients. Future research efforts need to focus on finding a reliable diagnostic marker of IRIS in routine clinical and laboratory settings to assist with efficient IRIS diagnosis and management. These studies were all conducted in resourcelimited settings with high background burden of TB and HIV with similar capacity for IRIS investigation and management. These study settings are comparable to centers scaling up TB-HIV integration. Prior to these studies being conducted, one of the biggest challenges anticipated was that cotreated patients experiencing IRIS would require intensive management at secondary and tertiary level facilities. However, the low IRIS-associated mortality and IRIS-related hospitalization rates seen in these studies indicate that the resource burden for secondary and tertiary level IRIS diagnosis and management will be limited. Until a reliable diagnostic tool is available to distinguish IRIS from clinical complexities such as TB or ART treatment failure and drug-resistant TB, resource allocation for IRIS diagnoses at a primary care level will be necessary.
IMPACT OF TUBERCULOSIS-HIV INTEGRATION ON ANTIRETROVIRAL THERAPY OUTCOMES
Concerns that the increased pill burden created by treating TB and HIV simultaneously will potentiate treatment-related toxicity and undermine TB and HIV treatment outcomes were also addressed in the CAMELIA, ACTG 5221, and SAPiT trials. The trials all demonstrated similar virologic suppression rates, similar CD4 þ T-cell count gains, and similar adverse event rates, irrespective of treatment group assignment.
IMPACT OF TUBERCULOSIS-HIV INTEGRATION ON DRUG INTERACTIONS
The resulting pharmacokinetic effect from drug interactions between rifamycin and efavirenz among patients taking both agents concurrently remains controversial. The U.S. Food and Drug Administration attempted to resolve this issue by releasing an updated package insert revising efavirenz dosing when coadministered with rifampin [30] . Although data that informed this recommendation support a once-daily efavirenz dose of 800 mg instead of 600 mg for HIV-infected patients weighing 50 kg or more, other studies show that the efavirenz-rifamycin interaction could result in reduced efavirenz clearance, creating increased efavirenz exposure and potential toxicity [31] . Although all trials described above showed clinical benefit with standard efavirenz dosing, conflicting pharmacokinetic interaction data require further research and understanding [32 & ]. Unfortunately, nevirapine, a potential alternative to efavirenz, has been shown to increase virologic failure and death [32 & ], and the optimal dosing of protease inhibitors and rifabutin requires clarification. Uncertainty about potential drug interactions, cross class resistance, and reduced efficacy of non-nucleotide reverse transcriptase inhibitors (NNRTIs) such as delavirdine and newer generation NNRTIs such as etravirine has made the suitability of these drugs for coadministration with TB therapy questionable. There is extremely limited published clinical experience documenting the use of newer classes of drugs such as integrase inhibitors and CCR5 coreceptor antagonists; nonetheless, the recently updated package insert for raltegrivir (RGR) now recommends a dose increase of RGR to 800 mg twice daily if coadministered with rifampicin [33] .
CHALLENGES IN SCALING UP THE INTEGRATION OF TUBERCULOSIS AND HIV TREATMENT IN PUBLIC HEALTH SETTINGS
The recent clinical trials on the optimal time to initiate ART in patients on TB treatment have provided empiric evidence for improving TB and HIV outcomes. These clinical trial findings have also been incorporated into local and international guidelines, and have been used to inform TB-HIV integration policy for patient and public health benefit [34] . However, it is important to acknowledge that these studies were carried out under controlled conditions and several challenges need to be overcome in order to translate the clinical trial evidence into public health benefit within diverse operational settings [35] .
LOGISTICS OF INTEGRATING TUBERCULOSIS AND HIV TREATMENTS
Firstly, the burden of the dual epidemics of TB and HIV is most severe in sub-Saharan Africa. This is also the region with limited health budgets, infrastructure, human resources, and suboptimal TB infection control practices. HIV and TB clinics are also often in different localities, which introduces logistical challenges in trying to integrate the treatments. One study has shown that delays in starting ART were almost three times as high in patients referred between nonintegrated TB services and ART clinics as in those with TB that was diagnosed in ART clinics, with only 11% of TB-HIV coinfected patients with CD4
þ T-cell counts less than 50 cells/ml initiated on ART within 4 weeks of a TB diagnosis [36 & ]. Secondly, in resource-limited settings, CD4 þ T-cell count testing is not readily available, making the determination of treatment initiation based on CD4 þ T-cell count almost impossible in such settings. Alternate approaches to estimate disease severity, such as the patients' general clinical condition, Karnofsky score, body mass index, hemoglobin, albumin, and evidence of organ system dysfunction, will need to be considered when making patient-level decisions of timing of ART in TB patients. Conversely, the cost-effectiveness of ART initiation at any CD4 þ T-cell count may need to be weighed against the risks and benefits of this strategy, especially in resource-limited settings. One immediate benefit is that HIV testing in TB patients could promptly triage coinfected patients into a TB-HIV care continuum.
Although global policy makers have been responsive in translating these findings into TB-HIV integration policy and recommendations, the benefit of this research can only be realized if effectively adapted to healthcare settings. Research on how best to implement the clinical trial findings is now warranted to help identify barriers to effective adaptation of TB-HIV integration evidence. Measurements of metrics such as HIV testing of TB patients, CD4
þ T-cell count measurement, referral for ART, initiation of ART, and access to TB therapy and ART, notably efavirenz, in facilities can provide key information on the level of TB-HIV integration in facilities and in programs.
APPLICABILITY OF RESULTS FOR EXTRAPULMONARY TUBERCULOSIS PATIENTS AND INFANTS
Although it is likely that these findings apply to patients with drug-resistant, disseminated, or sputum smear-negative TB, this still needs empiric confirmation. In addition, little clinical trial evidence exists for guiding the optimal timing of ART initiation in infants and children with HIV-associated TB. One study has shown that early commencement of ART, from about 6 weeks of age, irrespective of CD4 lymphocyte threshold or HIV disease stage, would confer a significant survival benefit and reduce the risk of TB in HIV-infected children [37] . Although this approach has been adopted by the World Health Organization as the standard of care for infants born to HIV-infected mothers [38] , this study was not done in HIV-TB coinfected infants, underscoring the need for more evidence to guide clinical decision-making in this special group of patients.
CONCLUSION
Recent clinical trials consolidate the evidence-base underpinning recommendations on when to start ART in HIV-infected patients who are coinfected with pulmonary TB and provide support for the earlier initiation of ART in severely immunecompromised patients. Further research is, however, needed on the optimal time for initiating ART during TB treatment in patients with extrapulmonary and drug-resistant TB as well as in infants and children. Although these studies have provided the necessary impetus to advance TB and HIV integration efforts, several limitations need to be considered when scaling up TB-HIV treatment integration into public health settings.
